Aim-To determine whether, following predictive genetic testing for familial adenomatous polyposis (FAP), children or adults receiving positive results experience clinically significant levels of anxiety or depression, and whether children receiving positive results experience higher levels of anxiety or depression than adults receiving positive results. Design-Two studies, one cross sectional and one prospective. Sample-208 unaVected subjects (148 adults and 60 children) at risk for FAP who have undergone genetic testing since 1990.
The increasing availability of predictive genetic testing for late onset diseases means that there is a growing need to understand the psychological consequences of such testing. We know something about the consequences for adults. 1 We know less about groups, such as children, that are regarded as vulnerable to emotional distress and damage to self-esteem. [2] [3] [4] [5] [6] In the case of untreatable conditions, the consensus is not to oVer children testing because of the possibility of negative emotional consequences and damaged self-esteem for the child. 5 6 This is said to result from discrimination, stigmatisation, or altered parental expectations associated with the genetic test results. 2 The emotional distress experienced by children is said to be greater for children than adults, since they have a longer period in which to live with genetic knowledge and fewer capabilities for dealing with it. 7 In the case of treatable conditions, the consensus is that children should be oVered testing, because the clinical benefits outweigh psychological problems. 5 6 Unfortunately, empirical data about the psychological impact of predictive genetic testing in children are scarce. 8 Such data would be useful to guide clinicians providing predictive testing services for children. A call has recently been made to set up a research protocol to learn more about the impact of predictive genetic testing on children's lives. 9 10 A recent systematic review of published reports has summarised the psychological impact of predictive genetic testing. 1 Of the 15 papers that met the selection criteria of the review, only one involved children. 11 This study assessed 41 6 to 16 year olds by questionnaire before, and three months after, predictive genetic testing for the treatable condition familial adenomatous polyposis (FAP). Children's depression, anxiety, behavioural problems, and competence scores remained in the normal range. The children of aVected mothers experienced increases in anxiety and the children of aVected mothers with positive test results showed an increase in depression, but these increased levels were within the normal range.
A very diVerent kind of study, a single case interview study of parents before and one month and 15 months after their children underwent genetic testing for FAP, also found no adverse psychological consequences. 12 These parents reported no negative eVects on their relationship with their two preschool children and no change in their children's behaviour. They planned to tell their children the results of the testing as and when they asked questions. They felt they were best placed to make this judgement and that parents, not health professionals, should make the decision about whether and when to test children.
Following this study and a review of relevant research, 8 we set out to describe the emotional impact on children of undergoing predictive genetic testing for a treatable condition, FAP. The typical procedure for such testing is to oVer a pre-test visit and a results disclosure visit, with follow up only if needed. We addressed two questions. (1) Do children or adults receiving positive test results experience clinically significant levels of anxiety or depression? (2) Do children receiving positive test results experience higher levels of anxiety or depression than adults receiving positive results?
This paper reports two studies. A cross sectional study compares the psychological impact of predictive genetic testing in children and adults. To the authors' knowledge, this is the first such study. A prospective study compares children's psychological functioning before and at two time points following testing. Because of the small numbers undergoing such testing, these are multicentre studies, involving seven UK genetics centres and one Australian centre.
Study 1. Cross sectional study of adults and children

Methods
The aim was to compare the emotional state of children and adults receiving either positive or negative results following predictive genetic testing, with normative data and with each other. The design is cross sectional.
SAMPLE
The sample comprises adults (aged 17-67 years) and children (aged 10-16 years) at risk of developing FAP who have undergone genetic testing since 1990. None of the adults recruited were parents of the children. They were recruited from seven UK regional genetics centres and one Australian genetics centre. Of the sample of 208, 148 were adults (125 negative and 23 positive) and 60 were children (29 negative and 31 positive). Negative results were "true negatives" in that there was a known mutation in the family. The reason that there were fewer adults with positive compared to negative results is that many of the older adults were, by virtue of still remaining clinically unaVected, at significantly less than 50% risk of having inherited the mutation.
PROCEDURE
Ethical committee approval was obtained for each of the participating centres. Health professionals at the collaborating centres invited those eligible to participate and gave them a study information sheet. People willing to take part were asked to complete a consent form. Parental consent was required for participants aged under 16 years (in one centre, under 18 years). On receipt of the consent form, the research team sent a questionnaire to the participant, followed by up to two reminders if necessary.
Recruiting clinicians were contacted regularly about the study, by telephone, collaborators' meetings, and visits from the study coordinator. This contact was to monitor recruitment and to ensure that the study protocol was being followed and that no problems had arisen.
MEASURES
The study measures were selected following an interview based pilot study, 13 with the aim of including well validated measures used in other studies of genetic testing.
Psychological responses
Anxiety. Current levels of anxiety were assessed in adults using the short form of the state scale of the Spielberger State Trait Anxiety Inventory, 14 which was pro-rated to be equivalent to scores obtained using the full form of the scale, giving a range of 20-80 (alpha=0.82). The scale has a cut oV of 42, with scores above this signifying clinically significant levels of anxiety. The children's version of the Spielberger State Trait Anxiety Inventory has 20 items and a range of 20-60. 15 Internal consistency was good (alpha of 0.82 for boys and 0.87 for girls). Norms are available for United States samples: for working adults; they are 35.2 (10.6) for men and 35.2 (10.6) for women, and for children aged 12 years they are 31.8 (SD 5.8) for boys and 30.6 (SD 5.6) for girls. To allow comparison with adult scores, scores on the children's scale were pro-rated to the adult scale range and the adult cut oV score was used.
Depression. This was assessed using the Depression subscale of the Hospital Anxiety and Depression Scale, which constitutes seven items asking about feelings in the last week, with four response options per item, giving a range of scores of 0-21 (alpha=0.90). 16 Scores above 7 indicate mild, moderate, or severe depression.
Situational distress. This was assessed using the Impact of Events Scale, 17 comprising seven items measuring intrusion of thoughts about polyposis in the family in the last seven days and eight items measuring avoidance of these thoughts (alpha for 15 items=0.86). Items were scored 0, 1, 3, or 5, giving a total range of 0-75. The norms for male medical students are 12.7 and 6.9 for female students. For those attending a stress clinic, they are 35.3 for men and 42.1 for women.
Behavioural expression of emotional disturbance (children only). The Rutter Child Behaviour Scale (A) is a brief, well validated scale completed by parents, with a test-retest reliability of 0.74. 19 It has a range of scores of 0-62, with scores below 13 being within the normal range for behavioural problems.
Regrets. Response options for "Do you have any regrets about having the genetic blood test?" were "Yes", "No", or "Don't know".
Perceived threat of test result. This measure was developed from two measures, the Health Orientation Scale (HOS), 18 and a single item of perceived likelihood of getting FAP, ranging from 0 "not at all likely" to 6 "extremely likely". The HOS was developed to assess the psychological implications of being identified as a gene carrier. It uses the semantic diVerential technique and asks people to rate their feelings after being given their genetic test result on 10 items: bad-good, vulnerable-safe, risk-not at risk, shocked-relieved, sad-happy, afraid-unafraid, abnormal-normal, sickhealthy, ashamed-unashamed, guilty-not guilty. The scale has a range of 10-50 and an alpha of 0.80 for study data. The combined scale, with perceived likelihood, has an alpha of 0.88.
The HOS and perceived likelihood were combined because factor analysis showed that the HOS loaded highly on a perceived likelihood factor (made up of three other items) and not on a second, emotional factor, made up of anxiety, depression, and situational distress. These two factors were shown to provide a good fit of the data, using maximum likelihood extraction ( 2 =7.72, df=9, p=0.46).
Perceptions of illness
Perceived chance. Respondents were asked to write a number representing their perceived chance of getting polyposis at some time in their lifetime from 0 "no chance at all" to 100 "absolutely certain". Worry about chance. Respondents were asked to rate their worry about chance of getting FAP, from 0 "not at all worried" to 6 "extremely worried".
Confidence about likelihood. They were also asked to rate their confidence in estimate of likelihood from 0 "not at all confident" to 6 "extremely confident".
Perceived seriousness. Respondents answered "How serious would you consider the condition if you developed it?" from 0 "not at all serious" to 6 "extremely serious".
How bad would you feel. Respondents answered "How bad would you feel if you found out that you definitely had FAP?" on a scale from 0 "not at all bad" to 6 "extremely bad".
Perceived health. Response options for "In general, how would you describe your current health?" were "excellent", "good", "fair", "poor".
Psychological resources
Dispositional optimism. The two item short form 20 of the Life Orientation Test 21 was used. Five response options were scored 0, 4, 8, 12, and 16, giving a total range of scores of 0-32 (alpha=0.76). The normative score is 21.
Self-esteem. This 10 item scale has a four point scale of agreement, with a range of scores of 10-40 (alpha=0.77). 22 It is seen as a personal resource which may moderate the eVects of threatening events. The extent to which it reflects a trait or state has not been established. Normative scores are 34.7 for adults and 29.3 for adolescents.
Demographic and test characteristics
The following information was collected from patients: genetic test result (positive, negative), type of genetic test (DNA, linkage), time since testing, age, gender (male, female), and ethnic group (white, non-white). For adults, highest educational qualification (higher than school, school/other, none) and marital status (cohabiting, single/separated/widowed) were recorded.
DATA ANALYSIS
Univariate analyses compared those with positive and negative test results, and adults and children with positive results. Continuous variables were analysed using t tests, apart from chance of getting polyposis which was analysed using Mann-Whitney U, since the distribution was non-normal even after transformation. Categorical variables were analysed using 2 tests. The interaction between psychological resource and test result was analysed using a two way analysis of variance.
If less than 30% of data were missing within a questionnaire, the score was pro-rated using the mean replacement method. 23 There were four extreme univariate outliers on time since testing and two on the depression measure, and these were deleted. There were no multivariate outliers. Five variables were non-normally distributed. Time since testing, depression, and child behaviour were transformed by the square root function and confidence about estimate and perceived seriousness were transformed by the logarithmic function.
Predictors of anxiety among adults were assessed using a hierarchical (sequential) regression analysis, which explicitly addresses the issue of correlated independent variables, as was the case in the present study. 24 Variables found to correlate with anxiety were entered, with order of entry reflecting a model in which fixed background factors preceded test result which preceded illness perceptions and the threat associated with it. (TABLE 1) Adults with positive results were younger than those with negative results, which explains the association between cohabiting and negative results. Age and marital status were unrelated to outcomes and so were not included as covariates in the analyses. There was no association between time since testing or age and emotional outcome among either adults or children. Among adults, those receiving positive results were more likely to have undergone linkage testing than those receiving negative results ( 2 =7.68, df=1, p=0.006). There was no association between type of genetic test and anxiety, so this variable was not included in further analysis.
Results
DEMOGRAPHIC AND TEST CHARACTERISTICS
PSYCHOLOGICAL CHARACTERISTICS (TABLES 2 AND 3)
Children Depression and anxiety, and its behavioural expression, were in the normal range. Those receiving negative results had anxiety scores lower than the US norm (t=4.29, df=25, p=0.000). Children receiving positive results perceived their chance of getting FAP as higher, worried more about this, and felt more threatened by their results than children receiving negative results. There were trends towards children with positive results being more anxious and depressed than those with negative results (t=1.96, df 1, 54, p=0.055 and t=1.9, df 1, 53, p=0.06 respectively). There was also a trend for a higher proportion of those receiving positive results, compared to those receiving negative results, to be in the clinical range of anxiety (19%, 95% CI 7-38 v 3%, 95% CI 0.09-18, p=0.069, one sided Fisher's exact test). There were no diVerences in situational distress or behavioural problems between those receiving positive and negative results.
None of the 28 children who received a negative result and three out of 30 receiving a positive result expressed regret at having been tested. Test result did not influence perceived health, with 26 out of 29 negatives and 30 out of 31 positives responding that their health was good or excellent.
Adults
Adults receiving positive results were highly anxious, with mean scores and 43% (95% CI 23-65) of the group in the clinical range. Mean scores were higher both than the norm (t=2.49, df 1, 20, p=0.02) and than the scores of those receiving negative results (t=3.49, df 1, 139, p=0.001). Those receiving positive results did not diVer from those receiving negative results in regret or in perceived health.
Correlates of anxiety among adults (table 3)
Given the high level of anxiety in adults, a multivariate analysis was carried out to investigate correlates of anxiety in this group. The study variables accounted for 29% of variance. Low optimism and self-esteem explained 14% of the variance of anxiety, with positive test result explaining an additional 12%. After these variables had been entered into the equation, worry about the chance of getting polyposis Although both test result and psychological resources were associated with anxiety, they did not interact when anxiety was treated as a continuous variable. However, there were interactions between test result and psychological resource in predicting the frequency of clinical cases of anxiety ( 2 =15.80, df 1, 3, p=0.001 for self-esteem and 2 =7.93, df 1, 3, p=0.047 for optimism). Examination of the standardised residuals of the chi-square analyses shows that the greatest contributors to the significant association are the categories of negative test result combined with high self-esteem/ optimism (resulting in the lowest levels of anxiety) and of positive test result combined with low self-esteem/optimism (resulting in the highest levels of anxiety). As shown in fig 1, there is the smallest proportion of cases of clinical anxiety when test results are negative and self-esteem and optimism are high (11%, 95% CI 4-22 and 12%, 95% CI 4-24, respectively) and the highest proportion of cases of clinical anxiety when test results are positive and self-esteem and optimism are low (60%, 95% CI 26-88 and 56%, 95% CI 21-86, respectively).
Comparison of children and adults
The only diVerence between children and adults was that, among those with positive results, children were less anxious than adults (t=2.6, df=1, 31.9, p=0.014) and fewer children than adults had anxiety scores in the clinical range (19%, 95% CI 7-38 v 43%, 95% CI 23-65) ( 2 =4.06, df=1, p=0.044). Three possible explanations for the diVerence in anxiety between children and adults receiving positive results are not supported by the data. The first is that children do not understand the meaning of a positive test result. However, children receiving positive results perceive a higher chance of getting polyposis, worry more about that chance, and are more threatened by their test results than children receiving negative results. The second is that they do not perceive polyposis to be as serious as adults do. There is no diVerence between children and adults in how serious they consider polyposis to be or how bad they think it would be if they were to develop it. Finally, it may be that high self-esteem or optimism are protective against anxiety. There is no diVerence between children and adults in either self-esteem or optimism.
Study 2. Prospective study of children
The aim was to examine the course of anxiety in children over the first year after testing. The design is prospective.
Method
SAMPLE
The sample comprised 31 children from the sample in study 1 who had completed additional measures of anxiety before testing and at a second time point after testing. There were no diVerences in emotional variables or selfesteem after testing between those with and without prospective data. However, the 19 who completed the anxiety measure on all three occasions worried more about FAP in their family at baseline than those who did not (t=2.9, df 1, 28, p=0.008). There was also a trend for the "completers" to be more anxious at baseline (t=1.8, df 1, 29, p=0.077) and to be lower in dispositional optimism (t=2.1, df 1, 14, p=0.052).
MEASURES
The measures were as in study 1. Optimism was not included as data were missing and numbers were small.
PROCEDURE
The procedure was as for study 1, with the difference that three questionnaires were sent to each participant, one before testing and a similar one on two occasions after receiving test results (means of eight weeks, range 1-43, and 33 weeks, range 20-77, respectively).
DATA ANALYSIS
This included non-parametric tests of diVerences over time and between those receiving positive and negative results. Analyses for each measure were carried out for participants with complete data.
Results
DEMOGRAPHIC AND TEST CHARACTERISTICS
( 
Positive test results
Children's perceptions of their chance of getting polyposis increased, as did their confidence in their estimate of this chance, after receiving positive results (table 5) . They did not, however, show increased emotional distress after receiving positive test results. They worried less about their chance of getting polyposis on the second assessment after testing than previously. Anxiety, depression, and selfesteem scores were within the normal range and did not change over time (table 6) .
Negative test results
After receiving negative test results, children's perceptions of their chance of getting polyposis decreased, they became more confident about their estimate of this chance, and worried less about their chance of getting polyposis. They also showed a decrease in anxiety, situational distress, and self-esteem.
Comparison between groups
Children receiving a positive result perceived their chance of getting polyposis as higher, worried more about this, and felt more threatened by their test result at both time points following testing, compared to those receiving a negative result. At the second post-test assessment, those receiving a positive result were more distressed about FAP in the family and more anxious than were those receiving a negative result. There was no diVerence between groups in depression at any time point or in self-esteem at the second post-test assessment. It was, however, higher in those receiving positive results at the first post-test assessment, reflecting baseline diVerences.
Discussion
In children receiving positive results, mean scores for anxiety and depression were within the normal range. There was a trend for children receiving positive results to be more anxious and depressed than those receiving negative results. In adults, mean scores for anxiety were within the normal range for those receiving negative results, but were in the clinical range for those receiving positive results, with 43% having scores in this range. Adults were more likely to be clinically anxious if they were low in optimism or self-esteem. Children receiving positive or negative results did not experience greater anxiety or depression than adults.
CHILDREN'S RESPONSES
One possible explanation for mean scores for anxiety being in the normal range for children who test positive is that this result is based on self-report and children may express their anxiety behaviourally rather than via selfreport. This was tested in our study by including a measure of children's behavioural problems; parents' reports did not suggest that they had more problems than average. Similarly, in a sample of 41 children undergoing predictive genetic testing for FAP in the United States, anxiety and behavioural problems remained in the normal range three months after testing.
11
Mean scores for children's anxiety and depression did not increase over the year following a positive result, despite an increase in their perception of their chance of getting polyposis. Mean anxiety and self-esteem scores decreased after receiving a negative result. Worry about the chance of getting FAP decreased for both those receiving negative and for those receiving positive results.
Although children perceive their risk in accordance with their test result, they are likely to have less understanding of the social implications of the test result, such as obtaining mortgages and insurance, and passing on the condition to children. Alternatively, they may understand the implications but find them less threatening since they are further in the future. However, this is not supported by our finding that children, like adults, find positive results to be more threatening than negative results. It is also not supported by the finding of Codori et al 11 that among children aged 6 to 16 years, age (taken as a possible marker for comprehension of implications) is not associated with anxiety, depression, or behavioural problems.
Adults show some evidence of threat minimisation, 25 since those with positive results perceive polyposis to be a less serious disease than do those with negative results. However, children do not show this pattern, which suggests that threat minimisation is not an explanation for the normal mean score of anxiety in children with positive results. Another possible method of coping is that of regulating a balance between intrusive and avoidant thinking about stressful events. In our study, we referred to this as situational distress, and found no diVerence between children and adults on this measure. There is a general tendency for people to be unrealistically optimistic about their risk of health problems. 26 This has been found for those at high risk 27 and for those making estimates about their genetic risk. 28 This optimistic bias has been found to be greater among adults than adolescents 29 30 and it may be that unrealistic optimism leads to an expectation of receiving a negative result and, therefore, raised anxiety on receipt of a positive test result.
Another factor that may explain why children's distress was in the normal range is the support received by children. It may be that children are perceived by health professionals and family members to be more vulnerable than adults and are therefore given more support, both before and after testing. In a recent guide to genetic counselling, 31 the advice on "giving bad news" includes a section devoted especially to children. The advice (such as structuring information content to the appropriate level, presenting information in clear, simple statements, and repeating it during the session) is advice that would benefit adults as well as children. Children were tested in genetic centres that were sensitive to children's needs and it is likely that they were given diVerent professional care from that given to adults. Unfortunately, we are not able to assess this from genetic centre protocols, since they are not suYciently detailed for this. We are currently collecting transcripts of audiotaped disclosure consultations with children and adults to examine communication during the first post-test consultation. Children may also have more support within the family than adults. Research to investigate this has yet to be done.
Two explanations concerning research method may account for the absence of high anxiety among children with a positive result. Although the importance of recruiting all eligible patients to the study was emphasised with our collaborating geneticists, they may have operated diVerent exclusion criteria for children than for adults. They may have used a lower threshold for excluding children from the study who they considered too distressed or vulnerable to participate. Second, the small sample sizes may mean that the study is underpowered. The power of this study to detect the observed eVect size of test result on anxiety is 94% in the adult sample and 51% in the child sample.
The prospective data show that emotional state and self-esteem are unchanged after receiving a positive result, while they improve after receiving a negative result. Worry about the chance of developing FAP decreases after receiving a positive as well as after receiving a negative result. This is consistent with an earlier finding among adults that receiving a result, whether positive or negative, resulted in less distress than receiving no result or an uncertain result. 32 
ADULTS' RESPONSES
Given that FAP is a treatable condition, it is perhaps surprising that state anxiety levels among adults are so high, higher than those recorded for people with positive results in less treatable conditions, including breast cancer 33 and Huntington's disease. 34 It may be that FAP is perceived to be less threatening than breast cancer and Huntington's disease (HD), with the result that those at risk engage less in threat minimising. Alternatively, health professionals may perceive testing for FAP to be less traumatic than testing for hereditary breast and ovarian cancer (HBOC) and HD and therefore provide less counselling. It may also be that those undergoing FAP testing are a less selected, and therefore a less psychologically robust group, than those undergoing HBOC and HD testing. A further explanation is that the high anxiety may be particular to this cohort which has experienced many years of having had the reassurance of negative results following bowel screening. However, this is not supported by the fact that anxiety is no higher for the 117 adults who had undergone previous bowel screening compared to the 23 who had not, and that there is no association between age and anxiety among those who had undergone previous bowel screening.
Among adults undergoing FAP testing, high anxiety was associated with their psychological resources and worries about getting FAP and about FAP in the family, as well as by test results. Adults who received a positive test result and were low in self-esteem or optimism were most likely to experience clinically high levels of anxiety.
STRENGTHS AND LIMITATIONS OF THE STUDY
Study 1 is limited by its cross sectional design, which limits answering questions of causal inference. For example, although the study was based on a psychological model of dispositional optimism as a background variable and general anxiety as an outcome, it may be that anxiety reduces an optimistic outlook, rather than vice versa. Study 2 is limited by the selected sample in that it is of an arguably more vulnerable group of children than the population of children undergoing testing. It may be that those who are less worried and anxious before testing do not show the decreases in worry and anxiety after testing found in this study.
CLINICAL IMPLICATIONS
The role of psychological characteristics in the emotional response to testing found in these studies is consistent with a recent systematic review of the impact of predictive genetic testing. 1 In this review, pre-test psychological functioning was identified as an important determinant of post-test psychological functioning. This suggests that pre-and post-test genetic counselling should be targeted, not just at those with positive test results, but also at those who have fewer psychological resources and who worry more about FAP. It may be that assessing optimism and self-esteem and targeting resources at those low in these psychological resources may help to reduce anxiety. It may also be a more eYcient way of using limited counselling resources.
CONCLUDING COMMENT
The results of this study suggest that in the short term at least, there are no adverse psychological consequences for children undergoing predictive testing for FAP when testing is oVered as part of a clinical genetics service, which typically includes at least a pre-test and a results disclosure visit. Among adults, receipt of a positive test result is associated with clinically significant levels of anxiety. This is particularly the case among adults with fewer psychological resources. Studies are now needed to determine how counselling is most eVectively and eYciently provided to children and adults to achieve good psychological outcomes. In the interim, it would be prudent for those providing services to children to maintain the levels of care and support already in place. The results of the current study, together with the results of the systematic review, 1 suggest that adults with positive test results would benefit from more support and counselling. In addition, pre-test assessment of anxiety and psychological resources could be used as a basis for targeting those most likely to experience high anxiety in the context of predictive testing.
